Background: In April 2009, a novel influenza A (H1N1) pdm virus was identified in Mexico, and spread quickly around the world.
Introduction
Febrile seizures (FSs) are seizures (most commonly convulsive, but occasionally non-convulsive) that occur in infants and young children, in association with a fever of 38.0 o C or higher but without evidence of any definite causative disease (abnormality), such as a central nervous system infection, metabolic abnormality or intoxication [1] . The prevalence of FSs is relatively high (7-8%) in Japan [1] . In the United States and Europe, the incidence of FSs is 2-5% [2] for the entire pediatric population. We have already reported the clinical characteristics of FSs [3, 4] , and its association with influenza virus infection has also been reported [3, [5] [6] [7] [8] [9] [10] .
In the spring of 2009, a novel influenza A (H1N1) pdm virus was identified in Mexico, the United States and Canada [11] , and spread quickly around the world. The first patient in Japan was identified during May 2009. A few reports on FSs associated with 2009 pandemic influenza have been published [12] [13] [14] . However, the clinical features of FSs associated with 2009 pandemic influenza have not yet been reported. We treated 90 patients with influenza-associated FSs due to this virus, and investigated the clinical characteristics. To clarify the features of FSs associated with 2009 pandemic influenza, we also compared clinical characteristics of FSs in historical patients with seasonal influenza and those with 2009 pandemic influenza.
Materials and Methods
We studied patients with FSs due to influenza A (H1N1) pdm virus, who presented at the Department of General Pediatrics, Nihon University Nerima-Hikarigaoka Hospital, Tokyo, Japan between July 2009 and March 2010. They were diagnosed with FSs according to the clinical practice guideline on the neurodiagnostic evaluation of children with simple febrile seizures [2] . Seizure events in infants or young children accompanied by a temperature of 38.0 o C or higher were defined as FSs. Patients with seizures with definable causes such as acute central nervous system infections, acute encephalopathy, intracranial lesions, and acute abnormal metabolism, as well as seizures associated with fever in patients with a history of afebrile seizures were excluded from the FS group. Influenza infection tends to cause FSs in older children [10] , therefore, no upper age limit was set in Manuscript accepted for publication June 11, 2012 our study, although patients aged < 6 months were excluded. The diagnosis of influenza was established by rapid antigendetection assay from nasopharyngeal swabs. We used the rapid influenza diagnostic test (QuickNavi™ -Flu; Denka Seiken Co. Ltd., Tokyo, Japan) for the diagnosis of influenza infection. This rapid test was designed for the diagnosis of seasonal influenza infection and to distinguish between influenza A and B. Nasopharyngeal swabs were sent to the laboratory for microbiological identification. However, pandemic (H1N1) 2009 virus was not determined by real-time reverse-transcriptase polymerase chain reaction (RT-PCR) for all patients with influenza associated FS. According to the Infectious Agents Surveillance Report in Japan [15] , nearly 100% of the influenza viruses detected/isolated from influenza cases during the same period were influenza A (H1N1) pdm. We considered that influenza in our patients influenza season) [3] . The 15 patients with no defined type of seasonal influenza were excluded from the study. Thus, 80 patients with FSs associated with seasonal influenza (54 male, 26 female) were enrolled in the present study. Two hundred and fifty-two patients with non-influenza associated FSs (154 male, 98 female) treated at our hospital during the same seasonal influenza season were also studied. Statistical analysis was performed using SPSS 10.0 for Windows. Univariate analysis was performed to identify differences between patient groups with and without each special item, using the t test, χ 2 test, and Mann-Whitney nonparametric test, as appropriate. Differences were considered statistically significant at P < 0.05.
Results

Children with 2009 H1N1 influenza
There were 1768 (975 male, 793 female) children with influenza, aged 0 -15 years, in our hospital between July 2009 and March 2010 (Fig. 1) . Two hundred and twentyfive patients (12.7%) were 0 -3 years old, 437 (24.7%) were 4 -6 years old, 841 (47.6%) were 7 -12 years old, and 265 (15.0%) were > 13 years old. The peak period for the patients with 2009 H1N1 influenza was from October 2009 to November 2009 (Fig. 2) . The diagnosis of influenza was established by rapid antigen-detection assay from nasopharyngeal swabs from all patients. However, pandemic (H1N1) 2009 virus was not determined by real-time RT-PCR for all patients with influenza. According to the Infectious Agents Surveillance Report in Japan [15] , nearly 100% of the influenza viruses detected/isolated from influenza cases during the same period were A (H1N1) pdm. We considered that the influenza infection in our patients was caused by pandemic (H1N1) 2009 virus.
Characteristics of FSs in children with 2009 H1N1 influenza (Table 1)
Ninety (5.1%) of 1768 children diagnosed with novel influenza A (H1N1) infection developed FSs during their course of illness. Ninety patients (60 male and 30 female; age 0 -14 years, average, 4.3 years) had influenza FSs (Fig. 3 ). There were 23 patients (25.6%) with FSs aged ≥ 6 years. Among the 90 patients, 78 were outpatients (86.7%) and 12 were inpatients (13.3%). Body temperature at seizure occurrence was 39.3 ± 0.9 o C. Twenty-five patients (27.8%) showed a positive history of seizures in first-degree relatives. The time from fever to seizure occurrence was within 24 hours in 83 patients (92.2%), and after 24 hours in 7 (7.8%). Forty-one patients (45.6%) had no previous FSs. Seizure manifestation showed the simple type in 82 patients (91.1%) and complex type in 8 (8.9%). The average seizure duration in the 90 children was 4.8 ± 8.0 minutes. The duration was < 5 minutes in 68 patients (75.6%), and the seizures persisted for 15 minutes or longer in 6 patients (6.6%). Fifty-one children did not take medication, and 31 took medication: 18 oseltamivir, 6 antihistamine, and 4 antipyretics.
Comparison of children with FSs and influenza A (H1N1) pdm, seasonal influenza, and non-influenza infection (Table 2)
The male-to-female ratio and body temperature at seizure occurrence did not differ among the children with FSs and influenza A (H1N1) pdm, seasonal influenza, and non-influenza infection. The mean age of the patients with pandemic influenza was 4.3 years, which was significantly higher than in patients with seasonal influenza (3.1 years; P < 0.05), and non-influenza infection (2.1 years; P < 0.01). The proportion of patients aged ≥ 6 years with FSs and influenza A (H1N1) pdm infection was 25.6%, which was also significantly higher than in seasonal influenza (11.3%; P < 0.05) and non-influenza infection (4.3%; P < 0.01). The proportion of patients with a positive history of seizures in first-degree relatives did not differ among the children with FSs and influenza A (H1N1) pdm, seasonal influenza, and non-influenza infection. Among patients with seasonal influenza, the proportion with seizure occurrence within 24 hours from fever onset was 70%, which was significantly lower than in influenza A (H1N1) pdm (92.2%; P < 0.01) and non-influenza infection (88.5%; P < 0.01). Among patients with influenza A (H1N1) pdm infection, 45.6% had no previous history of FSs, which was significantly lower than in those with non-influenza infection (61.1%; P < 0.01). The proportion of patients with simple type seizure manifestation did not differ among children with influenza A (H1N1) pdm, seasonal influenza, and non-influenza infection. Among patient with influenza A (H1N1) pdm infection, 75.6% had seizure duration < 5 minutes, which was significantly lower than in those with seasonal influenza (87.5%; P < 0.05) and non-influenza infection (90.1%; P < 0.01).
Among hospitalized children with influenza A (H1N1) pdm infection, 13.3% were hospitalized, which was not significantly higher than among those with seasonal influenza (8.8%) and non-influenza infection (7.1%). The mean age of the hospitalized children with pandemic influenza was 4.5 years, which was not significantly higher than those with seasonal influenza (2.9 years) and non-influenza infection (2.1 years).
Discussion
The US Centers for Disease Control and Prevention first identified two cases of novel swine-origin influenza (H1N1) infection in April 2009, and outbreaks of this infection were subsequently identified worldwide. Given that most cases of the illness occur in young people, there is great concern regarding the incidence and mortality of serious complications, such as encephalopathy, among children.
On November 13, 2009 , the Japan Pediatric Society reported surveillance data concerning 60 deaths associated with pandemic (H1N1) 2009 virus in children [16] . The main causes of death were sudden death and rapidly progressive severe pneumonia. We have also described the clinical aspects of pandemic (H1N1) 2009 virus infection in children who develop pneumonia [17] , plastic bronchitis [18] or spontaneous pneumomediastinum [19] , and encephalopathy [20] . However, only a few reports on FSs associated with 2009 pandemic influenza have been published [12] [13] [14] . In the present study, 5.1% of children diagnosed with novel influenza A (H1N1) infection developed FSs during their course of illness. However, in the previous study, 21.1% of children diagnosed with seasonal influenza infection developed FSs [3] . The proportion of patients with pandemic (H1N1) 2009 virus infection who developed FSs was 5.1%, which was significantly lower than in those with seasonal influenza (21.1%; P < 0.01). In Dallas, TX, United States, during April 22 -July 20, 2009, among 405 persons with laboratory-confirmed novel influenza A (H1N1) virus infection, four patients aged 7 -17 years had associated neurological complications [12] . Three of these with acute neurological complications were diagnosed with encephalopathy. Only one patient aged 7 years had FS. These results indicated the incidence of FSs caused by novel A (H1N1) virus infection was low.
To clarify the features of FSs in patients with 2009 pandemic influenza, we compared the clinical features of FSs in historical patients with those in patients with seasonal influenza and 2009 pandemic influenza.
Generally, most FSs occur between 6 months and 3 years of age, with a peak incidence at 18 months [21, 22] . Approximately 6-15% occur after 4 years, and onset after 6 years is unusual [23] . However, the mean age of patients with FSs and pandemic influenza was 4.3 years, and 25.6% of patients with FSs and influenza A (H1N1) pdm infection were ≥ 6 years old, which were significantly higher than in patients with seasonal influenza and non-influenza infection. In this study, the oldest FS patient was a 14-year-old girl with influenza A (H1N1) pdm. Tan et al. [13] have reported a 16-yearold woman with influenza A (H1N1) pdm and first-onset seizure. These results showed that, in patients with influenza A (H1N1) pdm, FSs occurred in older children compared with seasonal influenza and non-influenza infection. Ostovar et al. have compared the clinical features and disease course of seasonal and pandemic influenza in hospitalized children in the Unites States [24] . They found that the median age of patients with pandemic A (H1N1) influenza was 6.5 years, which was significantly higher than that for seasonal influenza (1.3 years). Among their patients with pandemic influenza, age was evenly distributed over the 0-18 years range. They indicated that this finding was consistent with a lack of immunity to the novel virus throughout the pediatric age group [25] . A similar tendency has also been reported in patients with encephalopathy and 2009 pandemic influenza in Japan [20, 26] .
Okumura et al. [26] have compared clinical features, laboratory data, neuroimaging findings, treatment, and outcome of acute encephalopathy in historic patients with seasonal influenza and patients with 2009 pandemic influenza. There was no significant difference in neurological symp-toms, laboratory and neuroimaging findings, and treatment. However, in patients aged ≥ 6 years, moderate or more severe sequelae were more frequent in patients with 2009 pandemic influenza. They have found that the most prominent difference between the patients with seasonal influenza and 2009 pandemic influenza was the age of the patients. Patients with 2009 pandemic flu had a median age of 109.5 months, which was older than those with seasonal influenza (44 months). Most patients in the 2009 pandemic influenza group were ≥ 6 years old. This could be attributed to a difference in age distribution of the infected patients.
FSs are typically divided into simple and complex types. A simple FS comprises generalized tonic-clonic activity without focal features, of < 10 minutes duration, without recurrence in the subsequent 24 hours and resolving spontaneously. Complex FSs are defined by one or more of the following features: partial (focal) onset or showing focal features during the seizure; prolonged duration (> 10 -15 minutes); and recurrence within 24 hours or within the same febrile illness [23] . In the present study, simple FSs were seen in 91.1% of patients with 2009 pandemic influenza, 83.8% with seasonal influenza, and 85.7% with non-influenza infection. These differences were not significant.
Central nervous system infections (encephalitis/meningitis) and/or encephalopathy can induce clinical features similar to those of FSs, and it is therefore important to differentiate FSs from those diseases. Close attention should be paid, in particular, to cases with seizures occurring > 24 hours after the onset of fever, and those with atypical seizure as partial seizures, long-lasting seizures of > 15 -20 minutes duration, and clustering (two or more) seizures within 24 hours [1] . There have only been a few reports on the relationship between onset of fever and seizure occurrence. Chiu et al. [7] have reported that, in 1997, only 3/27 (11.1%) children with seasonal influenza A had FSs at 24 hours after fever onset, and in 1998, 3/54 (5.6%) children with influenza A had FSs at 24 hours after fever onset. In the present study, 30% of patients with seasonal influenza had seizure occurrence at 24 hours after fever onset, which was significantly higher than in influenza A (H1N1) pdm infection (7.8%) and non-influenza infection (10.3%). We found that patients with seasonal influenza had more central nervous system disease, and those with influenza A (H1N1) pdm infection had more respiratory tract disease. The proportion of patients with pandemic (H1N1) 2009 virus infection who developed FSs was 5.1%, which was significantly lower than in those with seasonal influenza virus infection (21.1%). The difference in the proportion of patients who developed FSs caused by pandemic (H1N1) 2009 and seasonal influenza virus infection was supported by a difference in the organs affected in these 2 groups.
The proportion of patients with influenza A (H1N1) pdm infection and first-onset seizure was 45.6%, which was significantly lower than in seasonal influenza (60.0%; P < 0.05) and non-influenza (61.1%; P < 0.01) infection. This could be attributed to a difference in age distribution in the infected patients. We found that FSs occurred at an older age in patients with influenza A (H1N1) pdm infection compared with seasonal influenza and non-influenza infection, and revealed that a low proportion of children with influenza A (H1N1) pdm infection had first-onset seizure.
Seizure duration in patients with influenza A (H1N1) pdm infection did not differ from that in patients with seasonal influenza and non-influenza infection. However, the proportion of patients with FS in influenza A (H1N1) pdm with seizure duration < 5 minutes was lower than that in those with seasonal influenza (P < 0.05) and non-influenza (P < 0.01) infection. These findings showed that the seizure duration in patients with influenza A (H1N1) pdm had a tendency to be longer than those in seasonal influenza and noninfluenza infection.
There was no difference in neurological symptoms including seizure manifestations among the patients with 2009 pandemic influenza, seasonal influenza and non-influenza infection in our study.
In conclusion, there were no differences in neurological symptoms when comparing patients with 2009 pandemic influenza, seasonal influenza and non-influenza infection. However, in patients with influenza A (H1N1) pdm infection, FSs occurred in older children compared with seasonal influenza and non-influenza infection. Thus, further detailed studies are required.
